Abstract. Sustained hydrogen photoevolution from Chlamydomonas reinhardtii and C. moewusii was measured under an anoxic, CO2-containing atmosphere. It has been discovered that light intensity-and temperature influence the partitioning of reductant between the hydrogen photoevohition pathway and the Calvin cycle. Under low incident light intensity (1-3 W m-2) or low temperature ( ~ 0~ the flow of photosynthetic reductant to the Calvin cycle was reduced, and reductant was partitioned to the hydrogen pathway as evidenced by sustained H 2 photoevohition. Under saturating light (25 W m -2) and moderate temperature (20 + 5~ the Calvin cycle became the absolute sink for reductant with the exception of a burst of H2 occurring at light on. A novel photobiophysical phenomenon was observed in isolated spinach chloroplasts that were metalized by precipitating colloidal platinum onto the surface of the thylakoid membranes. A two-point irradiation and detection system was constructed in which a continuous beam helium-neon laser (2--632-8 nm) was used to irradiate the platinized chloroplasts at varying perpendicular distances from a single linear platinum electrode in pressure contact with the platinized chloroplasts. No external voltage bias was applied to the system. The key objective of the experiments reported in this report was to measure the relative photoconductivity of the chloroplast-metal composite matrix.
Introduction

Hydrogen production -
Hydrogen photoevolution by unicellular algae was first demonstrated by Gaffron and Rubin (1942) . Since their pioneering discovery, the reducing power driving sustained hydrogen photoevolution under anaerobiosis has been shown to be primarily derived from the water-splitting reaction of photosystem II (Bishop et al 1977) . In green algae, an oxygen-labile hydrogenase couples the oxidation of reduced ferredoxin with hydrogen evolution. Hydrogenase is a critical catalyst for a number ' The submitted manuscript has been authored by a contractor of the US Government under contract No. DE-AC05-840R21400. Accordingly, the US Government retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or allow others to do so, for US Government purposes.' 333 of single and multistep reactions. Experimental conditions determine which reactions proceed (Bishop et al 1977; Senger and Bishop 1979) .
Light activated:
(1) Photoreduction: CO2 + 2H2 + light ~ CH20 + H20, (2) H2 photoproduction: XH2 + light-~X + H 2. Thermally activated: (3) Oxy-hydrogen reaction: 2H 2 + 02 ~2H20, (4) Dark CO2 fixation: CO2 + H2 + energy~CH20 + H20, (5) H e production: RH 2 ~ R + H2, (6) H e uptake: R + H 2 ~ 2H2.
In the absence of CO2, the absolute light-saturated rate of electron transport is greatly reduced. Under these experimental conditions hydrogen evolution is the main pathway for the utilization of photoproduced reductant. The steady-state ratio for H2 to 02 evolution is usually close to two, indicating that essentially all electrons generated by the biophotolysis of water are expressed as H2 (Greenbaum 1984; Ward et al 1985) . If CO2 is available sustained hydrogen photoproduction does not occur (Gaffroa and Rubin 1942; Stuart and Gaffron 1972) . Gaffron and Rubin (1942) demonstrated that under anaerobic conditions dinitrophenol inhibited CO2 reduction in Scenedesmus and allowed hydrogen photoproduction to occur in the presence of CO2. Similarly, glucose and carbonyl cyanide-m-chlorophenylhydrazone stimulated H 2 photoevolution in the presence of CO2 (Kaltwasser et a11969). Those experiments suggested the coexistence of two reductant sinks, with the Calvin cycle being the primary sink in the presence of CO2 and the hydrogen pathway serving as an alternate sink that functioned when CO2 was absent or when the activity of the Calvin cycle was inhibited.
Stuart and Gaffron (1972) approached the problem of dual, competitive pathways using a closed system and chemical inhibitors. However, a closed-system approach is severely limited in the useful information that can be obtained. For example, uniform conditions are impossible to maintain for the duration of an experiment because the organisms modify their environment by liberating 02 and H2 and consuming CO2. This situation leads to non-steady-state conditions that stimulate several of the aforementioned hydrogenase mediated reactions, thereby greatly complicating the interpretation of experimental results. The experiments described in this review have taken a new approach to this problem. First, continuous gas flow was used; this prevented O 2 inactivation ofhydrogenase resulting from the accumulation of 02, which occurred in closed systems such as those used in most other studies of anaerobic photosynthesis. Second, continuous flow also removed photoproduced H2 and 0 2 so that the oxy-hydrogen and photoreduction reactions, photorespiration, and respiration did not occur. Third, the concentration of CO2 was maintained at a constant level by bubbling an He-CO 2 gas mixture through the sample instead of supplying CO2 from finite bicarbonate or gas phase source (Gaffron and Rubin 1942; Healey 1970; Stuart and Gaffron 1972; Gfeller and Gibbs 1985) . Fourth, the ability to perform long-term experiments in which all measured reactions were driven into steady-state provided additional information not available previously. The coexistence of two pathways that directly utilize photogenerated reductant provides a unique opportunity to experimentally examine the kinetic competition between the pathways for reductant and the regulatory mechanisms that work to control and balance the
